capacity to 1.4 billion gallons per year. However, much of this capacity is dedicated to the production of other products including soap, shampoo, olestra cooking oil, and other products, making it difficult to determine how much capacity is dedicated to fuel production.
The rapid rates of growth have resulted from favorable market conditions for the production of grain-ethanol and biodiesel. The increasing petroleum prices, the phase out of MTBE, passage of the excise tax credit for biodiesel, and relatively constant production costs contributed to the favorable economic climate for these two biofuels during the past two years.
Many are questioning the continued profitability of the ethanol and biodiesel industries over the next several years, saying the rapid rate of growth of the industries will drive up the cost of the feedstocks. While many factors will impact the profitability of these industries, three are likely to be of major importance. They are the price of petroleum, the price of the feedstocks (corn, vegetable oils and animal fats) and policy. This paper explores the interaction of these three variables on the profitability of ethanol and biodiesel production. The first section explores the policies that are currently in place and speculates on their continuation. The next section discusses the profitability of grain ethanol production under alternative corn and petroleum price conditions. The final section evaluates the profitability of biodiesel production under alternative fuel and feedstock prices.
The Current Federal Policy Environment
The Countries eligible to export ethanol to the U.S. through the Caribbean Initiative can export to the U.S. duty free. The maximum amount that can be imported through this provision is limited to 7 percent of the previous year's domestic use. Imports from other countries are required to pay an import tariff of $0.54 per gallon. The U.S. does not appear to have any tariffs in place that limit the importation of vegetable oils for biodiesel production.
Given this set of policies, let's consider the cost of producing ethanol and biodiesel. The analysis is for "turn-key" ethanol and biodiesel plants in the upper Midwest, which are the most common type that are built and operated in the region.
Grain Ethanol Production Costs
The standard ethanol plant is a natural gas fired plant that processes corn and produces denatured ethanol, dried distillers grains with solubles (DDGS) and CO2. Most Midwest plants do not have a market for the CO2 and it is vented. The typical plant sells two products, denatured ethanol and DDGS. The standard plant has a rail siding to handle a unit train and 10 days of storage capacity for corn, ethanol and DDGS. The initial investment includes funds to pay for the legal fees associated with the project, the building site, obtaining the required permits, developing the water supply, the dirt work, building the plant, starting the plant, and providing the initial operating capital (usually 10 percent of the total).
Investment Costs
While this general description of a standard plant has not changed much over the past two years, the investment cost per gallon has increased, the size of the "small plants" being built has increased, and the economies of scale are greater than they were two years ago . In the 2003 through early 2005 period, we estimated the investment costs to be $1.25 per gallon of annual capacity of a plant producing 48 million gallons per year and $0.97 per gallon of annual capacity for a plant producing 120 million gallons per year (Tiffany and Eidman, and Nicola) . By the end of 2006, these costs had increased substantially. A generic grain ethanol plant producing 60 million gallons per year has investment costs of $1.875 per gallon of output, while a plant producing 120 million gallons per year has investment costs of $1.50 per gallon of annual capacity. Thus, the current initial investment in a 60 million gallon plant is about $112.5 million, and the investment in building a 120 million gallon plant is $180 million. The major reasons for the increase in the initial investment are the higher costs of stainless steel, copper, and concrete; and the additional costs construction firms incur when they must manage a larger number of projects in a given amount of time.
Cost Per Gallon
The cost of ethanol production for alternative conditions was estimated with the ethanol success spreadsheet (Tiffany and Eidman) .The analysis assumes 2.75 gallons of anhydrous (2.81 gallons of denatured) ethanol and 18 pounds of DDGS are produced per bushel of corn. When corn is $2.00 per bushel, the price of DDGS is assumed to be equal to the price of corn ($0.0357/lb. or $71.43 per ton). The analysis builds in a 12 percent rate of return to equity capital, which I consider a normal rate of return.
The net cost per gallon for corn at $2.00 per bushel is $1.40 for the smaller plant and $1.31 for the larger plant (Table 1 ). The larger plant has lower capital, and labor and management costs per gallon, $0.07 and $0.0182, respectively. These economies are greater than the $0.035 we found in 2005 (Nicola) . The larger plant may also have lower marketing, transportation and risk management costs per gallon, but no effort was made to quantify those differences. It should be noted that the small producer tax redit of $1.5 million could offset 2.5 of the 9 cents, reducing the difference to 6.5 cents per gallon.
Even with this credit, the remaining economies suggest the larger plants have a major The cost per gallon is sensitive to many other factors. One of the more important is the price of the boiler fuel. This analysis assumes the plant uses 34,000 Btu per gallon of ethanol produced, and the impact of a $1 change in the price of natural gas is $0.034 per gallon. Thus, the cost of ethanol with natural gas at $8 per million Btu instead of $10 is $0.068 less per gallon than the costs shown in Table1.
Ethanol Price
In addition to the cost of producing the ethanol, the profitability of an ethanol plant depends on the netback price it receives for the ethanol sold. The market price of ethanol tends to follow the price of gasoline, which depends on the price of petroleum, and the policies that mandate or subsidize the use of ethanol. The netback price a plant receives is the market price less the cost of transportation and marketing required to move the ethanol from the plant to the market. The netback price varies from plant to plant, but it is assumed to be $0.20 per gallon in this analysis. 
What Can Plants Afford to Pay for Corn ?
Comparing the numbers in tables 1 and 2 suggests that with $60 per barrel oil, 60 million gallon ethanol plants will earn normal profits when the cost of their corn is about $3.90 per bushel, while 120 million gallon plants earn normal profits at about $4.25 per bushel. These plants should earn a higher (lower) rate of return when corn prices are less (more) than the above levels. Thus an expectation of corn prices around $4.00 per bushel should discourage continued investment in new facilities, unless those making the investment expect the price of oil to remain above $60 per barrel.
With a netback price of $1.89 per gallon, the price of corn at which existing plants would cease operations is much higher. Considering the costs the plant cannot avoid by shutting down suggests both plants would be willing to bid for corn up to $5.33 per bushel in the short run to continue operating. The plants would be loosing money at a rapid rate at this price, and would not continue to do so for very long.
It should be noted this price of ethanol assumes the $0.51 excise tax credit is in place. Removing the excise tax credit would lower the price of ethanol substantially, reducing the profitability of ethanol production and the amount plants could afford to pay for corn.
Marketing the Co-Product Feeds
Ethanol is produced in a combination of wet-mill and dry-mill plants. The wet mills produce a combination of corn oil, corn gluten feed and corn gluten meal. Thus the combination of co-product feeds produced includes the above two feeds from wet mills, and wet distillers grains and DDGS from dry mills. The production of these co-product feeds has averaged about 16.4 pounds of dry matter per bushel of corn processed.
Some dry mills are beginning to use two new technologies that will broaden the array of co-product feeds produced. One of these removes corn oil from the distillers solubles after the fermentation is completed. This process removes up to 78 percent of the corn oil and captures it as a feedstock for use in producing biodiesel. This process removes most of the oil from DDGS, changing the composition of the feed and reducing the oil and energy content. The second technology is fractionation which divides the kernel into the pericarp, the germ and the endosperm. The endosperm is processed to make ethanol while the germ is used to make corn oil, a high protein feed and a high fiber feed. The pericarp is often used for fuel and may be used to make ethanol when cellulosic processes become available. As removing oil from the thin stillage and fractionation are adopted by the industry, the quantity of co-product feeds produced per bushel will be reduced and the broader array of feeds available is expected to enable nutritionists to make more economical use of these co-products.
At the current time, the industry uses about 357 million bushels of corn to produce 1 billion gallons of ethanol and 2.66 million metric tons of co-product feeds. The data in table 3 suggest we would need to achieve about a 75% market penetration with the maximum inclusion rates shown to use the co-product feeds from 10 billion gallons.
Exports increased to about 1.05 million metric tons in 2005. Of these 56 percent went to the European Union, 8 percent to Canada, 16 percent to Mexico and 20 percent to Asia. Some increase in exports seems possible, particularly to Asia, but selling a large proportion of the increase resulting from our growing ethanol production to other countries seems unlikely. In addition to feeding more of the co-product feeds, using them for fuel to provide heat in operating the ethanol plants or they may be gasified for either fuel or as a feedstock to produce more ethanol. While other uses including for fertilizer and to manufacture fiber board have been suggested, combustion and gasification appear to be the major competition for use of these products by the livestock and poultry industry.
Biodiesel Production Costs and Profitability
The majority of the current biodiesel supply is now produced using a continuous flow process that operates around the clock. These plants recapture unused catalysts and methanol. They produce biodiesel and glycerol, but the glycerol currently has a very limited market. The continuous flow processes have somewhat higher capital costs, but they have lower processing costs and more consistent output than the batch processes used in the initial plants. They are better suited to virgin feedstocks that are of consistent quality and the feedstock can be sourced from a wider geographic area. It has been estimated that about 90 percent of the current biodiesel is produced from soybean oil (Collins) . However, many of the new plants are designed to handle multiple or combination feedstocks.
Investment and Cost per Gallon
In a recent study, Ginder and Paulson report the capital requirements to build and start up a turn-key biodiesel plants. They report the initial capital required is $1.47 per gallon of annual capacity for a 30 million gallon per year biodiesel facility, and $1.10 per gallon of capacity for a 60 million gallon per year plant. They also estimate the nonfeedstock production costs. Using their investment and operating costs, and assuming a 12% rate of return and a 10 year capital recovery period, the operating and capital costs per gallon are $0.50 and $0.42 for the two sizes of plants, respectively. Like ethanol plants, biodiesel plants seem to exhibit significant economies of size.
The major cost in producing biodiesel is the cost of the feedstock. One gallon of biodiesel requires 7.4 pounds of degummed soybean oil. With a cost of $0.30 per pound, the cost is $2.72 in a 30 million gallon per year plant (Table 4 ). The plant should also be eligible for the small producer credit. If the plant is operated at capacity for the year, the small plant credit would average $0.05 per gallon. The larger plant has lower costs per gallon and is also eligible for the small producer credit. Because the $1.5 million is spread over more gallons with the larger plant, the average credit is $0.025 per gallon.
Biodiesel Price
The average relationship between the monthly average refiners acquisition cost of crude oil and the monthly average wholesale price of #2 diesel fuel is given by equation 
What Biodiesel Plants Can Afford to Pay for Feedstock
The above analysis suggests the plant could pay more for than $0.30 per pound for the degummed soybean oil used as the feedstock for producing the biodiesel. The amount they could pay and just earn the 12% rate of return can be determined for the 30 million gallon per year plant using equation 3. increased dramatically across the country greatly increasing its availability to the consuming public (National Biodiesel Board). Some gains in production efficiency can be made with larger processing facilities and more efficient markets to collect and move the feedstocks to the plants. However, these gains will not be sufficient to replace the excise tax credit that has fueled the growth of the industry over the past two years.
Supply of Biodiesel Feedstocks
The supply of biodiesel feedstocks is a major factor limiting the development of the biodiesel industry. Table 6 lists the average annual production of vegetable oils and animal fats in the U.S. The total amount of vegetable oils and animal fats produced in the U.S. is about 36.4 billion pounds per year. The numbers in the right column of table 6 indicate the amount of biodiesel that could be produced by converting the entire annual supply to biodiesel is only 4,687 million gallons, about 11 percent of the annual biodiesel use in the U.S. Of course much of the supply is used in producing food and industrial products, and only a portion of the supply could bid away to produce fuel.
It is useful to consider the feedstock in three categories, vegetable oils, yellow and brown grease, and the animal fats. Notice that soybean oil is the dominate vegetable oil, making up 80 percent of the annual vegetable oils produced in the U.S. This was the major feedstock used to produce in excess of 200 million gallons of biodiesel last year.
Expanding much beyond this level would seem to require crushing a larger percentage of the soybean crop and shifting some of the exports from soybeans to soybean meal. With a larger crush the supply from soybean oil may be as large as 250 to 300 million gallons, with an additional 50 million gallons produced from other vegetable oils.
Yellow grease and brown grease, the used cooking fats, are a second type of feedstock that can be used to make biodiesel. However, the supply is spread across the country in food service firms, limiting the opportunities to collect and process sufficient quantities to provide a biodiesel manufacturer with a continuous supply for a large-scale plant. These oils are commonly used in animal feeds and soaps which will be able to bid for the supply. With some time to develop the infrastructure to assemble and process grease into a suitable feedstock supply and to find substitutes to replace its lower value uses, perhaps two/thirds of this source can be bid away for biodiesel production to make up an additional 200 million gallons.
The animal fats are a third category of feedstocks for biodiesel production. While the annual supply is relatively large, the cold weather qualities of the resulting biodiesel limit their use, at least for transportation fuels. While they may produce biodiesel for use in heating fuels or in stationary engines where the fuel supply can be kept warm, some inexpensive additives are needed to reduce their cloud point and pour point before they can be considered for use in transportation fuels in much of the country. Processing about one half of the inedible tallow and poultry fat would provide feedstock for an additional 450 to 500 million gallons of biodiesel production per year.
These data suggest the U.S. could produce up to 950 to 1,050 million gallons of biodiesel annually from domestic vegetable oils and animal fats. It should be emphasized that about half of this total would be of very limited use for transportation fuels because of its cold flow properties.
In addition, the adoption of the technology to remove corn oil from thin stillage and fractionation by dry-mill ethanol plants will add to the supply of corn oil available for biodiesel. As the ethanol industry adopts these technologies it will provide enough corn oil to produce 71 million gallons of biodiesel per billion gallons of ethanol produced by the dry mill plants adopting these technologies.
Summary
Ethanol production has increased at a rapid pace in recent years, reaching 4. This paper reviews three factors that will be of major importance in determining the profitability of these industries over time; policy, the price of the feedstock (corn, vegetable oils and animal fats), and the price of petroleum.
The volumetric ethanol excise tax and the small producer (income) tax credit are very important to the profitability of the ethanol industry, particularly as the price of petroleum moves below $50 per barrel. VEET provides a $0.51 per gallon blenders fee that supports the market price of ethanol, while the small producer tax credit provides an annual income tax credit that partially offsets the economies of scale enjoyed by plants producing more than 60 million gallons annually. Biodiesel also benefits from an excise tax credit of $1.00 per gallon and the same small producer income tax credit. The importance of the excise tax credit is underlined by noting the large increase in sales occurred after it went into effect at the beginning of 2005.
The cost of building ethanol plants has increased about 50 percent over the past two years, largely because of increases in the price of stainless steel, copper and concrete.
With corn at $3.00 per bushel and the higher capital costs, the net cost of ethanol is Marketing the co-product feeds will be an increasing challenge, particularly as production exceeds 10 billion gallons. The introduction of fractionation technologies by some dry mill plants and processes to remove the oil from the thin stillage by others will reduce the quantity of co-product feeds and increase the array of feed products. The wider array of feed products should enhance the efficient use of the co-product feeds in livestock and poultry diets. The supply of feedstocks is a major factor limiting the growth of the biodiesel industry. However, the adoption of fractionation and the technology to remove the oil from thin stillage by dry mill ethanol plants will increase the supply of oil for processing into biodiesel. • Based on data presented by Geoff Cooper, and maximum inclusion rates from Jerry Sherson. 
